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ABSTRAK 
Rasuk konkrit bertetulang dengan pembukaan yang biasa digunakan untuk 
memudahkan perkhidmatan penting seperti paip bekalan air, paip saliran, elektrik 
penghawa dingin, talian telefon dan rangkaian rangkaian komputer. Kerja eksperimen 
yang dibentangkan dalam penyelidikan ini bertujuan untuk menyelidiki eksperimen 
kelakuan rasuk dengan pembukaan bulat pada akhir rentang. Kajian ini juga dijalankan 
untuk mengkaji potensi serat hibrid dalam mengukuhkan rasuk konkrit bertetulang 
dengan menggunakan jumlah pecahan yang berlainan. Gabungan serat keluli dan serat 
kenaf digunakan dalam kajian ini. Kajian ini dilakukan dengan menuangkan rasuk 
dengan penambahan serat hibrid 0%, serat hibrid 1% dan serat hibrid 2% pada campuran 
rasuk konkrit bertetulang. 18 kiub semua sisi bersamaan dengan 150 mm dan 4 rasuk 
dimensi 400x250x1200 mm telah dipindahkan. Semua spesimen kiub telah diuji sehingga 
kegagalan dalam mesin mampatan. Rasuk itu dilemparkan selama 28 hari dan menjalani 
ujian lenturan. Semua sampel telah diuji dan keputusan dianalisis dengan menggunakan 
Microsoft Excel dan dibentangkan dengan bantuan jadual dan graf. Kajian menunjukkan 
bahawa, rasuk konkrit bertetulang dengan penambahan serat hibrid boleh mengekalkan 
lebih daripada 200kN beban. Walau bagaimanapun, penambahan serat hibrid dalam 
campuran konkrit menunjukkan kesan tidak penting dalam kekuatan mampatan. Rasuk 
konkrit bertetulang dengan serat hibrid menunjukkan prestasi yang lebih baik kerana 
tidak ada keretakan yang berlebihan sehingga strukturnya gagal. Cara kegagalan rasuk 
berubah dari rapuh ke cara yang lebih mulus kerana jumlah gentian keluli meningkat 
dalam campuran konkrit. Dari segi kemuluran, kemuluran dipertingkatkan kerana serat 
hibrid 1% telah ditambahkan tetapi terdapat had wujud yang serat tambahan membawa 
kepada kurang mulur. 
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ABSTRACT 
Reinforced concrete beams with opening commonly used to facilitate essential 
services such as water supply pipes, drainage pipes, air conditioning electricity, telephone 
lines and computer network lines. The experimental work presented in this research is 
aimed to investigate experimentally the behaviour of beams with circular opening at the 
end of span. The research also conducted to study the potential of hybrid fibre in 
strengthening reinforced concrete beam using different fraction volume. The combination 
of steel fibre and kenaf fibre were used in this study. The study was carried out by casting 
beam with the addition of 0% hybrid fibre, 1% hybrid fibre and 2% hybrid fibre on the 
mixture of reinforced concrete beam. 18 cubes of all sides equal to 150 mm and 4 beams 
of dimensional 400x250x1200 mm were casted. All cubes specimens was tested until 
failure in compression machine. The beams were casted for 28 days and undergo flexural 
test. All the samples were tested and results were analysed using Microsoft Excel and 
presented with the aid of tables and graph. The study shows that, the reinforced concrete 
beam with the addition of hybrid fibre can sustain more than 200kN of load. However, 
the addition of hybrid fibre in concrete mix showed insignificant effect in compressive 
strength. Reinforced concrete beam with hybrid fibre show better performance as there 
is no excessive cracking until the structure had failed. Mode of failure of the beam 
changed from brittle to a more ductile manner as the amount of steel fibres was increased 
in the concrete mix. In term of ductility, the ductility is enhanced as 1% hybrid fibre was 
added but there is a limit exist which additional fibres lead to less ductile. 
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CHAPTER 1 
 
 
INTRODUCTION 
1.1 Background of Research 
Reinforced concrete is widely used for construction on a large scale due to its 
desirable mechanical properties. The advantage of concrete are can withstands 
compression, bending, tensile stress and has a high compressive strength compared to 
other materials. It can be used for making any size and shape for utilization in the 
construction including beam with openings. Beam with openings start to become popular 
in modern building constructions around the world. This type of beams are often provided 
for utility pipes and passage of ducts. These ducts are necessary in order to facilitate 
essential services such as water supply pipes, drainage pipes, air conditioning electricity, 
telephone lines and computer network lines. All of the utility pipes usually placed 
underneath the soffit of the beam, and were covered by a suspended ceiling thus creating 
a dead space (Vivek and Madhavi, 2016). In this situation, engineer cannot control the 
size of the beam since the support of the beam between another beams is too far. It effect 
the height of the floor since it does not have enough space to install a suspended ceiling. 
Therefore the web openings help us in reducing the height of the floor which leads to a 
highly economical design.  
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Figure 1.1 Example of RC beam with opening provided for utility pipes 
Source: Sarah Jabbar (2016) 
Reinforced concrete beam with openings also poses some disadvantages. An 
opening into beams changes their simple behaviour to a complex one and it will cause 
serviceability problem (Mondal, 2011). The presence of opening in the web of a 
reinforced concrete beam resulted too many problems in the beam behaviour including 
reduction in beam stiffness, excessive cracking and deflection (Chin et al., 2012). The 
concept of using fibres as a reinforcement in the concrete mixture is not a new research. 
The use of fibres has been carried out from ancient times. There are various type of fibres 
found in the market such as glass fibres, steel fibres, carbon fibres, natural fibres (i.e. 
hemp, kenaf etc) and plastic fibres (i.e. polypropylene, graphite etc) (Syed Mohsin, 
2012).  
Recently, increasing attention has been given towards the development of green 
products in the field of composites. The composite materials are replacing the 
conventional materials, owing to its better properties like high tensile strength, high 
strength to weight ratio and low thermal expansion. Natural fibre composites such as 
kenaf composites became more attractive due to their high specific strength, lightweight 
and biodegradability (Naveenkumar, 2015). Amongst these types of fibre, steel fibre are 
widely used in the reinforced concrete structures (Lankard & Swany, 1974). Steel fibres 
have also demonstrated its capability in improving the structural behaviour of reinforced 
concrete beams. Recent studies also suggest that the addition of fibres to reinforced 
concrete beams with reduced shear reinforcement improves all the mechanical properties 
3 
of concrete, especially tensile strength, impact strength and toughness. The resulting 
material possesses higher tensile strength, consolidated response and better ductility 
(Musmar, 2013). The addition more than one type of fibre in concrete that drives benefits 
from each of the individual’s fibres and exhibits a synergetic response is known as hybrid 
fibre reinforced concrete. The focus in the present research is combination between steel 
fibre and kenaf fibre.  
Recent investigations of kenaf fibre and steel fibre mixed and added into 
reinforced concrete beams (Mohsin et al., 2016) it is proved that these combinations have 
the potential to serve as part of shear reinforcement. Fibres also improved the load 
carrying capacity of the beam up to 29% and 25% for beams contains 1% and 2% volume 
of fibre respectively. The mechanical properties of concrete are enhanced appreciably 
using fibres. This increases the modulus of elasticity of the concrete and reduce the 
chances of brittleness. 
 
1.2 Problem Statement 
The presence of opening will change simple beam behaviour into a more complex 
behaviour as we make a sudden change in the dimension of the beam’s cross section. It 
will caused reduction in beam ultimate strength, excessive cracking, deflection and 
stiffness. Besides, the openings produces discontinuities or disturbances in the normal 
flow of stresses, thus leading it to stress concentration and early cracking of the beam 
around the opening region. The weakness of reinforced concrete beam with opening can 
be overcome by hybrid fibre to strengthening the beam. 
Hybrid fibre is a combination of steel and kenaf fibre. Natural fibre have been 
used for many applications such as automotive components, aerospace parts, sporting 
goods and building industry (Rowell, 2008). Natural fibres such as kenaf fibre have been 
used as reinforcing materials for over 3000 years, in combination with polymeric 
materials. The natural fibre reinforced composite are lightweight and free from health 
hazard, reasonably strong, and hence it’s have the potential to be used as material for 
strong components such as building materials, shipping, and automotive. 
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